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PROCESS FOR PURIFYING EFFLUENTS 
CONTAINING PROTEINS 

This is a continuation of application Ser. No. 012,673 
filed on Feb. 15, 1979, which is a continuation of appli 
cation Ser. No. 808,763 filed June 22, 1977, both now 
abandoned. 
The present invention provides a process for treating 

effluents which contain proteins. The process consists in 
treating the effluents with a basic nitrogen-containing 
polymer compound and separating the flocks which 
have formed from the effluent. 

Sources of waste water effluents which contain pro 
teins are for example gelatin factories, photographic 
plants, breweries, malt-houses, leather factories and also 
abatteirs. The proteins can be in dissolved form or in the 
form of colloidal or suspended particles. Proteins which 
can be removed from effluents in accordance with the 
invention are in particular seleroproteins, such as gela 
tin or gelatin-like products which are obtained by the 
hydrolytic extraction of collagen which is obtained 
from the bones, skins and fibrous tissues of animals, as 
well as fish glues and protamines, such as salmine and 
clupene, which are obtained from fish bones and carti 
lages. 
These polymers can be present as such or also in 

chemically modified form. 
Suitable basic nitrogen-containing polymer CO 

pounds which can be used according to the invention 
are principally polymers which contain basic nitrogen 
atoms which are capable of salt-formation. 

Suitable polymers are water-soluble or dispersable 
basic aminoplasts, for example formaldehyde-dicyan 
diamide condensation products. Preferably the process 
is carried out with condensation products of formalde 
hyde, dicyandiamide and one or more of the following 
components: urea, ammonium chloride and al 
kylenepolyamine containing, for example, altogether 2 
to 18, preferably 2 to 8, carbon atoms and 2 to 5 amino 
groups. 
The alkylenepolyamines are, for example, ethylenedi 

amine, propylenediamine, butylenediamine, pen 
tylenediamine, hexamethylenediamine, diethylenetri 
amine, triethylenetriamine, 1,2-propylenediamine, di 
propylenetriamine, tripropylenetetramine, dihydrox 
ydipropylenetriamine, dibutylenetriamine, tributylene 
triamine, tetrabutylenepentamine, dipentylenetriamine, 
tripentylenetetramine, tetrapentylenepentamine, dihex 
amethylenetriamine, trihexamethylenetetramine and 
tetrahexamethylenepentamine. 

Particularly suitable basic aminoplasts are in particu 
lar formaldehyde-dicyandiamide, formaldehyde 
dicyandiamide-ethylenediamine or formaldehyde-urea 
dicyandiamide condensation products. Preferred prod 
ucts are obtained for example by condensation of form 
aldehyde, dicyandiamide and ammonium chloride or by 
condensation of formaldehyde with the reaction prod 
uct of dicyandiamide with ethylenediamine or the cor 
responding acid salt, such as the hydrochloride or am 
monium chloride. Further basic aminoplasts are ob 
tained by condensation of urea, dicyandiamide and 
formaldehyde in the presence of acid e.g. hydrochloric 
acid, or by condensation of dicyandiamide with formal 
dehyde and the tetrahydrochloride of triethylenetetra 
1. 

Preferably the basic aminoplasts are condensation 
products obtained from 1.8 to 2.5 moles of formalde 
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2 
hyde, 0.5 to 1.2 moles of dicyandiamide and 0.5 to 1 
mole of ammonium chloride. If desired, 0.1 to 1.5 moles 
of ethylenediamine can additionally be used. 

It is likewise possible to use as basic polymers reac 
tion products of halohydrins or dihalohydrins with 
alkylene- or polyalkylenepolyamines or alkylene- or 
polyalkylenepolyimines, for example reaction products 
of epichlorohydrin with diethylenetriamine, di 
propylenetriamine or triethylenetetramine or with 
polyethylenimines. Such basic reaction products are 
described, for example, in DAS 1,010,736. 

Suitable basic, nitrogen-containing polymers are also 
soluble basic polymers which are manufactured by con 
densation of dibasic carboxylic acids of 2 to 10 carbon 
atoms, e.g. adipic acid or the functional derivatives 
thereof, for example esters, amides or anhydrides, with 
polyamines, especially with polyalkylenepolyamines, 
and which are described, for example, in U.S. Pat. No. 
2,882,185. 

Especially preferred basic polymers, however, are 
also the polyamidepolyamines which are obtained by 
reaction of polymerised, preferably dimerised to trimer 
ised, fatty acids with polyamines, advantageously in 
such a ratio that the resultant polyamide resin has an 
amino value in the range of about 200 to 650 mg of 
potassium hydroxide per gram of polyamidepolyamine. 
These polyamidepolyamines can be used by them 

selves or in combination with the above mentioned 
formaldehyde condensation products. 
The polymeric unsaturated fatty acids used herein are 

advantageously aliphatic, ethylenically unsaturated di 
meric to trimeric fatty acids. 
As polyamines which are suitable for obtaining the 

basic polyamides it is possible to use aromatic poly 
amines or especially the above mentioned aliphatic 
polyamines, in particular alkylenepolyamines. These 
polyamines can also contain heterocyclic structures, for 
example imidazolines. 

Polymeric fatty acids which are advantageously pres 
ent in such polyamides are obtained by polymerisation 
of one or more unsaturated long-chain aliphatic or aro 
matic-aliphatic acids or esters thereof or other deriva 
tives that can be readily converted into the acid. Suit 
able examples of such polymeric fatty acids are de 
scribed in British Pat. Nos. 878,985 and 841,554. 

Preferably, the polyamide-polyamines are manufac 
tured from polyalkylenepolyamines and aliphatic, eth 
ylenically unsaturated dimeric to trimeric acids which 
are derived from monocarboxylic acids with 16 to 22 
carbon atoms. These monocarboxylic acids are fatty 
acids with at least one ethylenically unsaturated bond 
and preferably 2 to 5 such bonds. Examples of this class 
of acids are oleic acid, hiragonic acid, eleostearic acid, 
licanoic acid, arachidonic acid, clupadonic acid and 
especially linoleic and linolenic acid. These fatty acids 
can be obtained from natural oils in which they occur 
principally as glycerides. 
The dimeric to trimeric linoleic or linolenic acids are 

particularly suitable. The industrial products of these 
acids contain as a rule 75 to 95 percent by weight of 
dimeric acids, 4 to 22 percent by weight of trimeric 
acids and 1 to 3 percent by weight of monomeric acid. 

Further basic polymers are the polymers of an al 
kyllenimine containing 2 to 4 carbon atoms which have 
an average molecular weight of 500 to 200,000 prefera 
bly 10,000 to 40,000. These polymers have normally a 
Brookfield viscosity at 20° C. of 500 to 20,000 centi 
poise. Particularly suitable alkylenimines are ethyleni 
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mine, propyleninine, 1,2-butylenimine and 2,3-butyleni 
mine. The most preferred polyalkylenimine of all is 
polyethylenimine. Particularly preferred polyethyleni 
mines are those which have an average, molecular 
weight of 10,000 to 100,000, in particular 30,000 to 
40,000. 

Typical examples of the basic polymers to be used 
according to the invention are: 
A. Condensation product of: 

1 mole of dicyandiamide 
2 moles of formaldehyde 
1 mole of ammonium chloride 

B. Condensation product of 
2 to 2.2 moles of formaldehyde 
1 mole of dicyandiamide 
0.8 mole of ammonium chloride 
0.1 mole of ethylenediamine 

C. Condensation product of: 
3 to 4 moles of dicyandiamide 
7 moles of formaldehyde 
mole of the tetrahydrochloride of triethylenetet 
raamine 

D. Polyamidepolyamine from polymerised linoleic 
acid/linolenic acid and triethylenetetraamine with an 
amine value of 350 to 400 mg KOHMg. 
The basic polymers used according to the invention 

can also be employed in combination with other floccu 
lants, for example aluminium salts, such as aluminium 
sulphate or aluminium chlorides, iron salts, such as 
ferric or ferrous chlorides, ferric or ferrous sulphates as 
well as with polyacrylamides or copolymers of acrylic 
acid or acrylamide. 
The treatment of the effluents with the basic polymer 

compound can be effected at any temperature, for ex 
ample from 10 to 100° C. Preferably, however, the 
treatment is carried out at room temperature, i.e. at a 
temperature from approx. 10 to 35° C. If desired, the 
purification can also be effected under pressure or in 
vacuo. The pH value of the effluents can vary widely, 
for example between 2 and 12. However, depending on 
the nature of the polymer compound used as flocculant, 
pH corrections, for example to a value from 5 to 10, in 
particular 6 to 9, can ease or speed up the purification 
process. 
The agent used according to the invention for remov 

ing proteins can be added to the effluent to be treated in 
any form. Preferably it is added in aqueous solution. 
Advantageously, the basic polymer compound is used 
in concentrations of 2 to 10 g, preferably from 3 to 6 g, 
per liter of effluent. 
The protein concentration of the effluents can vary 

widely, for example from 100 to 10,000 mg/l. Typical 
concentrations are between 200 and 5000 mg/l. Such a 
concentration corresponds to a BOD5 value of 400 to 
6000 oxygen/liter of effluent (BOD5 value=biochemi 
cal oxygen demand of the "Deutsche Einheitswerte zur 
Wasser-Abwasser-Schlammaufbereitung', 3rd edition). 
The addition of the basic polymer compound can be 

effected by conventional methods. In many cases a 
thorough mixing of the mixture of effluent sludge and 
flocculant is necessary in order to effect the floccula 
tion. Afterwards, the separation of the deposited sludge 
from the purified water can be accomplished for exam 
ple by sedimentation, flotation, centrifuging and subse 
quent filtration or by direct filtration. This separation 
can optionally be carried out under pressure. 

In a particular embodiment of the process of the 
invention, the agglomeration of the proteins in the efflu 
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4. 
ents can additionally be achieved by means of an elec 
trolysis process. In this process, the effluents treated 
with the basic polymer compound are conducted into 
an electrolytic cell and the sludge agglomerates are 
formed by the action of an electric current. These ag 
glomerates can then be easily removed from the clari 
fied effluent. 
The electrolytic cell, which advantageously assumes 

the function of the cathode, can be made of any electri 
cally conductive material. Copper, iron, nickel or stain 
less steel are especially preferred. On the other hand, 
the anode can be made of materials that do not melt 
when a current is applied. Aluminium, carbon, graphite, 
lead dioxide, zinc, platinum and the like can be used. It 
is particularly advantageous if the anode is made of 
aluminium or an aluminium alloy. These electrodes can 
be in the form of plates, rods, particles and filaments and 
there is no restriction as regards the form. Plate-shaped 
electrodes, which stand adjacent to one another, are 
used for preference. So-called reactive or sacrificial 
anodes (loss anodes) are preferred. The electrolysis is 
advantageously carried out at 1 to 10 amp/dm, prefera 
bly at 5 to 6 amp/dm2. 
The rate of flow of the effluent flowing into the elec 

trolytic cell is approx. 200 to 3000 liters per hour. Its 
determination is normally dependent on the concentra 
tion of the proteins in the effluent. If necessary, the 
effluent can be conducted through several electrolyte 
cells which are connected in parallel. 
The electrolysis can advantageously be carried out 

while stirring the solution. The stirring can be effected 
for example by blowing an inert gas into the effluent, by 
mechanical stirring using the turbulence of the flowing 
water or a rotatable anode, or by electric stirring. 
To speed up the electroflocculation, those carrier 

electrolytes which are used in the field of electrochem 
istry, for example alkali metal ions, such as sodium or 
potassium ions or aluminium ions, can be added to the 
effluent in the electric cell. 
According to the invention, 50 to 98% of the proteins 

originally present in the effluent can be removed by 
appropriate choice of the basic polymer. Whenever a 
sufficient removal of proteins proves unsuccessful, it is 
advisable to repeat the purification procedure. 
The flocculent material which is formed from the 

added agent and the proteins present in the effluent 
normally sinks or precipitates or is carried to the sur 
face, i.e. made floatable, by blowing in inert has or as a 
result of the gas evolution-a secondary reaction caused 
by the electrolysis. On account of the colloidal charac 
ter, the flocks tend to sink with other solids present in 
the system. Owing to the strongly flocculating proper 
ties of the basic polymer used, the effluents can also be 
decolourised. The process of the invention therefore 
also has the advantage of being able to diminish the 
content of other impurities in the effluent. 

In the following Examples the parts and percentages 
are by weight. 

EXAMPLE 

The effluents of a gelatin factory, which have a 
BOD5 value in the region of 600 mg O2/1 and a pH of 
> 10, are adjusted with sulphuric acid to pH 8 and 
treated with 3 g per liter of condensation product A. 
The effluents are then conducted through an electrolyte 
cell the anode of which consists of aluminium and the 
cathode of iron. The amount of current to be applied is 
5 amp/cm2 of anode surface. The electrolysis causes the 
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sludge which is formed to float to the surface of the 
water, there it is removed by a mechanical separator. 
After separation of the sludge/water mixture, the puri 
fied effluent has a BOD5 value of only 10 mg O2/1. 

Similarly good results are obtained by using the same 
amount of the one of the products B, C and especially D 
instead of the condensation product A. 

EXAMPLE 2 

The effluents of a plant for manufacturing light-sensi 
tive materials based on silver halide-gelatin emulsions 
have a silver content in the region of 1600 ppm and are 
strongly discoloured by dyestuff additives. 
The pH value of these effluents is adjusted firstly 

with sodium hydroxide solution to 8-8.5. The effluents 
are afterwards mixed, per m3, with 3.6 liters of a 60% 
aqueous solution of the condensation product A used in 
Example 1 and immediately thereafter phase separated 
in a centrifugal decanter. A silver-containing sludge 
phase with 12.3% of residual dye constituents and a 
clear, colourless, aqueous phase are obtained, whose 
residual silver content is about 0.1 ppm and whose 
BOD5 is below 20 mg O2/l. 

Similarly good results are obtained by using the same 
amount of one of the products B, C and D instead of 
condensation product A. 

EXAMPLE 3 

The malodorous, blood-red effluents of an abattoir 
are adjusted with sodium hydroxide solution to pH 8 
and then treated with 4g per liter of condensation prod 
uct A. A good flocculation is obtained by bringing 
All + ions into solution by means of an aluminium loss 
anode. The electrical energy to be applied in this case is 
10 kwh per m3 of effluent. The sludge agglomerates 
formed as a result of this electrolytic process are caused 
to float, and the floating scum is removed by a surface 
separator, leaving a colourless and virtually odourless 
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Similarly good results are obtained by using one of 

the products B, C and especially D instead of condensa 
tion product A. 
What we claim is: 
1. A process for purifying effluents containing prote 

ins which process comprises treating said effluent with 
a basic water-soluble aminoplast flocculant which is a 
formaldehyde-dicyandiamide condensation product, to 
flocculate said proteins, agglomerating the resulting 
flocculated proteins by electrolysis in the presence of a 
sacrificial aluminum or aluminum alloy anode and an 
electrically conductive cathode, and removing the re 
sulting agglomerated and flocculated proteins from said 
effluent. 

2. A process according to claim 1, wherein the basic 
polymer is a condensation product of formaldehyde, 
dicyandiamide and one or more of the components 
consisting of urea, alkylenepolyamine and ammonium 
chloride. 

3. A process according to claim 1, wherein the basic 
polymer is a condensation product of formaldehyde, 
dicyandiamide and ammonium chloride. 

4. A process according to claim 1, wherein the basic 
polymer is a condensation product of formaldehyde, 
dicyandiamide, ethylenediamine and ammonium chlo 
ride. 

5. A process according to claim 1, wherein the efflu 
ents are treated at a pH value of 5 to 10. 

6. A process according to claim 1, wherein the efflu 
ents are treated at a pH value of 6 to 9. 

7. A process according to claim 1, wherein the basic 
polymer is used in a concentration of 2 to 10 g per liter 
of effluent. 

8. A process according to claim 1, wherein the basic 
polymer compound is used in a concentration of 3 to 6 
g per liter of effluent. 

9. A process according to claim 1, wherein the elec 
trodes consist of an anode of aluminium or an alumin 
ium alloy and of a cathode of iron, copper, nickel or 

effluent whose BOD5 is less than 25 mg O2/1 and which 40 stainless steel. 
can therefore be conveyed to a drainage canal. 
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